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1. Title of the invention 

Super plastic aluminium alloy production 
5 2 . Scope of the patent claim 

Super plastic aluminium alloy production where Al-Cu, 
Al-Mg, Al-Mg-Si or Al-Zn-Mg aluminium alloy ingot is 
thermally homogenized at from 400 to 550 °C then thermally 
homogenized at from 300 to 550°C, and then, after it has 

10 been hot-rolled at from 300 to 550°C / 1-stage or 2-stage 
heat retention is performed at from 350 to 550°C, and the 
system is then cooled at a rate of not less than 30°C/hr / 
and then, after at least 30% or more cold-rolling or from 20 
to 60% cold-rolling has been performed, 300°C or cooler low- 

15 temperature softening-annealing and cold-rolling are 
performed once or more; characterized in that a process is 
added whereby cross-rolling in a direction at right angles 
to the sheet is performed during the abovement ioned hot- 
rolling and/or cold-rolling, such that when said cross- 

20 rolling is performed during hot-rolling, rolling is 
performed to a rolling reduction of from 10 to 40% of the 
prescribed rolling reduction, and then rolling is performed 
to the remaining rolling reduction in a direction at right 
angles to said rolling, and when said cross-rolling is 

25 performed during cold-rolling, rolling is performed, to a 
rolling reduction of from 10 to 40% of the prescribed 
rolling reduction for the cold-rolling process, in a 
direction at right angles to the abovement ioned rolling 
direction. 

30 3. Detailed description of the invention 

[Field of industrial use] 

The present invention relates to super plastic 
aluminium alloy production, more specifically, it relates to 
a method for producing super plastic aluminium alloy having 

35 excellent super plastic extension. 
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[Prior art] 

Super plasticity refers to the phenomenon whereby, under 
certain external conditions, material extends considerably, 
to from several hundred to several thousand percent, without 
5 necking, and this phenomenon can be broadly classified as 
fine grain super plasticity and transformation super 
plasticity, which involves constant temperature 

transformation. In order to reach super plasticity, the 
crystal size of the material must be kept fine. This can be 

10 achieved by altering the production conditions, for example, 
by optimising the alloy composition and altering the 
processing and heat treatment. 

In the case of Al-Zn-Mg alloys, for example, material 
having an extension of 5 00% or more can be produced by 

15 taking Al-Zn-Mg alloy ingot comprising from 3 to 8 wt% of Zn 
and from 0.5 to 3 wt% of Mg as indispensable components and 
one or more chosen from not more than 3 wt% of Cu, from 0.05 
to 2.0 wt% of Mn, from 0.05 to 0.5 wt% of Cr, from 0.05 to 
0.5 wt% of Zr, from 0.05 to 0.5 wt% of V and not more than 

20 0.15 wt% of Ti, with the remainder being Al and 
. indispensable components, and thermally homogenizing said 
ingot at from 400 to 550°C then, after performing a heating 
process at from 300 to 500°C, performing a first heat 
retention at from 450 to 550°C for from 0.5 to 10 hr then 

25 cooling to a second heating temperature and performing a 
second heat retention at from 350 to 450°C for from 0.5 to 
50 hr, then cooling at a rate of not less than 30°C/hr, and 
then, after at least 30% or more cold-rolling or from 20 to 
60% cold-rolling, performing 300°C or cooler low- temperature 

30 softening-annealing and cold-rolling once or more, and then 
performing thermal softening-annealing at from 350 to 550°C 
at a rate of at least 100°C/hr. 

This extension is limited in'' that, broadly speaking, 
(1) the super plasticity phenomenon is stopped by the 

3 5 coarsening of the crystal grain during reshaping and (2) 
voids (cavities) form due to stress concentration around the 
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crystallized compound and so the material breaks. The former 
situation can be improved by finely dispersing transition 
element intermetallic compounds such as MnAl 6 , Cr 2 Mg 3 Al 18 and 
ZrAl 3/ thereby inhibiting the coarsening of the crystal 
5 grain. As for the latter situation, firstly, the amount of 
crystals can be decreased by regulating the amount of Fe, Si 
and the like present, and moreover, the relationship between 
crystal size and stress concentration coefficient K is such 
that 

■10 K = f (a) V:ta (1) 

a: external diameter of crystal 

f (a) : shape factor dependent on the crystal size 

and so, from equation (1) , by decreasing the crystal 

15 size and by achieving even dispersion, it is possible to 
decrease the stress concentration around the crystals and to 
improve the super plasticity extension. Thus improvements in 
the properties of materials, in terms of their use in 
construction, can be anticipated. 

20 [Problems to be overcome by the invention] 

As described above, the present invention provides a super 
plastic aluminium alloy production method with which it is 
possible to further improve upon the super plasticity of 
conventional super plastic aluminium alloys. 

2 5 [Means of overcoming the problem] 

The special feature of the super plastic aluminium 
alloy of the present invention is, specifically, that 

in super plastic aluminium alloy production where 
Al-Cu, Al-Mg, Al-Mg-Si or Al-Zn-Mg aluminium alloy ingot is 

30 thermally homogenized at from 400 to 550 °C then thermally 
homogenized at from 300 to 550°C, and then, after it has 
been hot-rolled at from 300 to 550°C, 1-stage or 2-stage 
heat retention is performed at from 350 to 550°C, and the 
system is then cooled at a rate of not less than 30°C/hr, 

35 and then, after at least 30% or more cold-rolling or from 20 
to 60% cold-roiling has been performed, 300°C or cooler low- 
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temperature softening-annealing and cold-rolling are 
performed once or more, 

a process is added whereby cross-rolling in a direction 
at right angles to the sheet is performed during the 
5 abovementioned hot-rolling and/or cold-rolling, such that 
when said cross-rolling is performed during hot -rolling, 
rolling is performed to a rolling reduction of from 10 to 
40% of the prescribed rolling reduction, and then rolling is 
performed to the remaining rolling reduction in a direction 

10 at right angles to said rolling, and when said cross-rolling 
is performed during cold-rolling, rolling is performed, to a 
rolling reduction of from 10 to 40% of the prescribed 
rolling reduction for the cold-rolling process, in a 
direction at right angles to the abovementioned rolling 

15 direction. 

The super plastic aluminium alloy production of the 
present invention is described in detail below. 

First, the heat treatment and processes in the super 
plastic aluminium alloy production of the present invention 

20 are described. 

Ingot is obtained by casting Al-Cu, Al-Mg, Al-Mg-Si or 
Al-Zn-Mg aluminium alloy of prescribed composition and 
proportions according to common methods, then said ingot is 
thermally homogenized at from 400 to 550 °C for long enough 

2 5 to improve the hot -working properties and to homogenize the 
main elements that are non-unif ormly distributed therein. 
Next, the material is hot-rolled at from 300 to 550°C to 
work the material to a prescribed sheet thickness, and some 
precipitates such as Zn, Mg and Cu and transition elements 

30 such as Cr, V and Ti partially precipitate as the coarse 
casting composition becomes a hot-working. fibre composition. 
If, during this hot-rolling, first- rolling is performed to 
.from 10 to 40% of the rolling reduction and then the slab is 
rotated and the remainder of the rolling reduction is 

35 achieved by cross-rolling, the insoluble crystals comprising 
mainly Fe and Si and the insoluble crystals comprising 
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mainly Mn, Cr, Zr, V and the like are finely broken down, by 
the lengthwise and breadthwise cross -rolling, to a much 
greater extent than when cross -rolling is not performed, and 
the distribution becomes uniform. Stress forces around - the 
5 crystals have a marked adverse effect on super plastic 
extension, and so as the abovementioned procedure alleviates 
said stress forces considerably, the resulting material 
exhibits greater extension. In the first rolling stage of 
said cross-rolling, the fine crystal formation and uniform 

10 dispersion effects are poor if the rolling is performed to 
less than 10%, whereas the crystal dispersion effects on 
rolling in the subsequent rolling direction are poor if the 
rolling exceeds 40%. Consequently, the rolling reduction for 
the first stage of the cross-rolling is from 10 to 40%. 

15 After said hot-rolling, cold-working is performed, 

preferably to not less than 30%, which further increases the 
super plastic extension of the resulting fine grain 
material. Next, after said hot-rolling, heat retention is 
performed at from 350 to 550°C for from 0.5 to 20 hr, then 

20 cooling is performed at a rate of not less than 10°C/hr to 
force the solid solution elements to solid solution. 

Said heat treatment may be performed at from 400 to 
550°C for from 10 s to 10 min, using a continuous annealing 
furnace capable of rapid heating and rapid cooling. The Zn, 

25 Mg, Cu and the like become solid solution as a result of 
said heat retention, whereas the transition metal elements 
such as Mn, Cr and Zr precipitate as intermetallic compounds 
with Al, such as MnAl 6 , Cr 2 Mg 3 Al :a , ZrAl 3 and the like. Super 
plasticity is not achieved and extension becomes difficult 

30 when the cooling after said 1-stage heat retention is 
performed at„ rates of less than 100°C/hr . When heat 
retention is performed in 2 stages, the first heat retention 
is performed at from 450 to 550°C for from 0.5 to 10 hr, 
then the system is cooled to the second heat retention 

35 temperature and the second heat retention is performed at 
from 350 to 450°C for from 0.5 to 50 hr, after which the 
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system is cooled at a rate of not less than 30°C/hr. Within 
said heat retention temperature ranges, the higher heat 
retention temperatures, and consequently the shorter times, 
are preferred. 

Most of the soluble elements that were precipitated in 
the first heat retention form a solid solution in the second 
heat retention, then the transition elements such as Mn, Cr 
and Zr, and the intermetallic compounds with Al , such as 
MnAl 6 , Cr 2 Mg 3 Al 13 , ZrAl 3< precipitate as a result of the second 
heat retention. 

When heat retention is performed twice, the transition 
element precipitation is fine and some high temperature 
precipitates (such as those comprising Al and Zn, Mg, Cu and 
the like) form, and so, even at the slow post-heat retention 
cooling rate of 30°C/hr, production is easier and zhe 
dislocation density achieved during cold-working is higher 
than when heat retention is performed once. 

Super plastic extension becomes difficult if the 
cooling after said 2-stage heat retention is performed at 
rates of less than 30°C/hr. 

These heat retentions are such that the composition at 
the lower part of the dislocation that results from the 
formation of hot -working fibre composition has its 
distortion energy decreased by recovery and 

recrystallization, and dislocation is easily induced in the 
subsequent cold-working, and, as a result of the 
precipitated Mn, Cr and . Zn particles, heating in the super 
plasticity temperature range after the subsequent cold- 
working allows the fine particle composition formed within 
the material to be retained, and thus super plasticity is 
achieved. 

After cooling, cold-rolling is performed to at least 
30% or more, but it is not possible to achieve a 
sufficiently fine crystal grain at less than 30% of the 
working rate. 



It is also possible to perform, once or more, the set 
of operations comprising a cold-rolling to from 20 to 60% 
followed by a low temperature softening-annealing at not 
more than 300 °C / where the introduction of the low 
temperature annealing results in an even finer crystal 
grain. The cold-working cross-rolling to from 10 to 40% of 
the prescribed rolling reduction is performed during such 
cold-working because it breaks up the crystals, thereby 
improving the super plastic extension, and said cold-working 
cross-rolling is performed to from 10 to 40% for the same 
reasons as for hot -working cross-rolling. 

Thus the composition of the lower part of the 
dislocation which has a high distortion energy is formed at 
a high density in the cold-worked material . 

When this material is heated continuously, usually in a 
super plasticity temperature range at or above 0.5 Tm (where 
Tm is the melting point (absolute temperature) of the 
material) (400°C or higher for aluminium alloys) , a new 
crystal grain forms as a starting point for the high density 
dislocation composition, and so the dislocation composition 
has a somewhat fine grain composition, becomes super plastic 
and its extension increases. Once recrystall izat ion is 
complete, the crystal grain boundary energy decreases and so 
dislocation migrates and the crystal grain coarsens, and 
this coarsened composition adversely affects super plastic 
reshaping. 

Accordingly, during thermal treatment in the super 
plastic aluminium alloy production of the present invention, 
dislocation migration is prevented and a fine grain 
composition is retained by controlling the dimensions and 
distribution of the precipitates' such as intermetallic 
compounds, MnAl 6 , Cr 2 Mg 3 Al 13 and ZrAl 3 , which are formed as a 
result of the post hot -rolling heat retention. That is,, the 
dislocation migration is not prevented if the precipitate 
dimensions are too small and/or the precipitate particle 
spacing is too large. 



Moreover, material produced according to the super 
plastic aluminium alloy production of the present invention 
may be subjected to super plastic working in its cold-worked 
state, without further treatment, or after it has been cold- 
worked it may be heated at a rate of at least 100°C/hr, 
softened at from 350 to 550°C and subjected to super 
plasticity working. 

The aluminium alloys which are the subject of the super 
plastic aluminium alloy production of the present invention 
are described below. 

Al-Cu aluminium alloy comprises from 2 to 7 wt% of Cu 
as indispensable component and one or more chosen from not 
more than 2.5 wt% of Mg, not more than 2 wt% of Si, from 
0.05 to 2.0 wt% of Mn, from 0.05 to 0.5 wt% of Cr, from 0.05 
to 0.5 wt% of Zr, from 0.05 to 0.5 wt% of V and other than 
0.15 wt% of Ti, with the remainder being Al and impurities. 

Al - Mg aluminium alloy comprises from 2 to 7 wt% of Mg 
as indispensable component and one or more chosen from 0 . 05 
to 1.5 wt% of Mn, from 0.05 to 0.5 wt% of Cr, from 0.05 to 
0.5 wt% of V and not more than 0.15 wt% of Ti, with the 
remainder being Al and impurities. 

Al-Mg-Si aluminium alloy comprises from 0.5 to 2.0 wt% 
of Mg and from 0.3 to 5.0 wt% of Si as indispensable 
components and one or more chosen from not more than 1 wt% 
of Cu, 0.5 to 1.5 wt% of Mn, from 0.05 to 0.5 wt% of Cr, 
from 0.05 to 0.5 wt% of Zr, from 0.05 to 0.5 wt% of V and 
not more than 0.15 wt% of Ti, with the remainder being Al 
and impurities. 

Al-Zn-Mg aluminium alloy comprises from 3 to 8 wt% of 
Zn and from 0.5 to 3 wt% of Mg as indispensable components 
and one or more chosen from not more than 3 wt% of Cu, 0.05 
to 2.0 wc% of Mn, from 0.05 to 0.5 wt% of Cr, from 0.05 to 
0.5 wt% of Zr, from 0.05 to 0.5 wt% of V and not more than 
0.15 wt% of Ti, with the remainder being Al and impurities. 

It should be noted that if . the amount of Fe or the. 
amount of Si present as impurities exceeds 0.15 wt%, 
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insoluble crystals form and extension is decreased 
considerably, and so both the Fe content and the Si content 
are limited to 0.15 wt% or less. 
[Working examples] 
5 Working examples of the super plastic aluminium alloy 

production of the present invention are described below. 
Working example 

Ingots (400 mm thick) of the typical Al-Cu, Al-Mg, 
Al-Mg-Si and Al-Zn-Mg aluminium alloys shown in Table 1 were 

10 prepared by common DC casting, then sheet materials of a 
final thickness of 1.5 or 2.5 mm were produced by 
processing, and cross-rolling during hot-rolling and during 
cold-rolling, as shown in Table 2, and said materials were 
reshaped under the conditions described in Table 2 . 

15 As can be seen from Table 2, the extension due to super 

plastic reshaping was such that material produced according 
to the super plastic aluminium alloy of the present 
invention exhibited at least 80 to 15% better super plastic 
extension than material that had not been cross-rolled. 
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Key to Table 2 





1 


alloy 




2 


ingot thickness (mm) 


5 


3 


homogenization heat treatment (°C x hr) 




4 


hot-rolling 




5 


temperature (°C) 




6 


torque rolling reduction (mm) 




7 


cross rolling reduction (%) 


10 


8 


heating conditions (°C x hr) 




9 


cooling rate (°C/hr) 




10 


final sheet thickness (mm) 




11 


super plasticity properties 




12 


distortion rate (1/s) 


15 


13 


extension (%) 




14 


none 



[Advantages of the invention] 

The super plastic aluminium alloy production of the 
20 present invention has the construction described in detail 
above -and so it allows the production of material having 
excellent super plastic extension. 



Applicant K.K. Kobe Seikojo 

2 5 Agent Patent attorney R. Maruki 
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Procedural Amendment (Voluntary) 

5 June 1984 

Indication of the case 

Patent application number 107195 (1984) 

Title of the invention 

Super plastic aluminium alloy production 

Party making the amendment 

Relation to the case Patent applicant 

Name K.K. Kobe Seiko jo (119) 

Representative F. [illegible] 

Address 1-3-18 Wakihama-cho, 

Chuo-ku, Kobe-shi 

Agent 

Name Patent attorney R. Maruki (6937) 

Address 901 Cove Fuj iyori -Toyo-cho , 

2-2-15 Minamizuna, Eto-ku, 
Tokyo 13 6 
Tel: (646) 6194 
Date of order to amend (voluntary) 
26 June 1984 [stamp] 
Subject of amendment 

(1) The "Detailed description of the invention" 
section of the specification 
Details of the amendment 

(1) On page 12, line 10 of the specification, 
change "other than 0.15 wt% of Ti" to "not more 
than 0 . 15 wt% of Ti" . 

(2) On page 12, line 16 of the specification, 
change "from 0.05 to 0.5 wt% of V and not more 
than 0.15 wt% of Ti, " to "from 0.05 to 0.5 wt% of 
V, not more than 0.15 wt% of Ti and from 0.05 to 
0 . 5 wt% of Zr, " . 



DERWENT-ACC-NO: 1986-031524 
DERWENT-WEEK: 198605 

COPYRIGHT 1999 DERWENT INFORMATION LTD 



TITLE: Super-plastic aluminium alloy mfr. - comprises homogenising treatments 
of aluminium ingots hot rolling and cooling 

PATENT- ASSIGNEE: KOBE STEEL LTD[KOBM] 

PRIORITY- DATA: 1984JP-0107195 (May 26, 1984) 

PATENT-FAMILY: 

PUB-NO PUB-DATE LANGUAGE PAGES MAIN-IPC 

JP 60251260 A December 1 1 , 1985 N/A 007 N/A 

APPLICATION-DATA: 

PUB-NO APPL-DESCRIPTOR APPL-NO APPL-DATE 

JP60251260A N/A 1984JP-0107195 May26, 1984 

INT-CL_(IFC): B21B003/00; C22F001/04 

ABSTRACTED-PUB-NO: JP60251260A 

BASIC-ABSTRACT: Mfr. comprises homogenising treatment of Al-Cu, Al-Mg, 
Al-Mg-Si, and Al-Zn-Mg system Al ingots at 400-550 deg.C, followed by 300-550 
deg.C homogenising treatment; hot rolling at 300-550 deg.C, holding the heating 
temp, two or one steps in the range 350-550 deg.C, cooling with a rate of above 
30 deg.C/hr., then cold rolling with over 30% or 20-60% draft, followed by low 
temp, annealing and cold rolling at least one time under 300 deg.C, where cross 
rolling is conducted on normal direction of the sheet material when hot rolling 
and /or cold rolling are made, e.g. in hot rolling, cross rolling is conducted 
in that manner, firstly rolled with 10-40% of required draft, then remaining 
draft is applied to the normal direction, i.e. toward that of the first 
rolling. While cold rolling, during the rolling process, 10-40% of the draft 
is applied in the normal direction toward rolling direction. 

USE/ ADVANTAGE - Al alloy has excellent super-plastic elongation The cross 
rollings are effective to give fine crystal grains in the structure, resulting 
in super-plasticity of the alloy (80-15% more elongation than that of non-cross 
rolled Al alloy). 

CHOSEN-DRAWING: Dwg.0/0 
TITLE-TERMS: 

SUPER PLASTIC ALUMINIUM ALLOY MANUFACTURE COMPRISE HOMOGENISE TREAT ALUMINIUM 
INGOT HOT ROLL COOLING 

DERWENT-CLASS: M26M29P51 

CPI-CODES: M29-A; M29-B; M29-C; 

SECONDARY-ACC-NO: 

CPI Secondary Accession Numbers: C 1 986-0 1 3 1 52 
Non-CPI Secondary Accession Numbers: N 1986-022764 
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v'*$«ffcB*JI*ff**N *v»r, 3 0 0 - 
54>OT5#>B**»Bia*fft-»fcB, 16 10 
ftftlJftfift* 4 5 0 - 5 5 0 tcoSSCT 0.5- 
lAHrftftv-. B2B*MM**r* 
9U 3 5 0 - 4 5 Ot«MtO,5 -5 OHr 
fl*2B«toft«**fT4vN 3 01C/Hrtt± 

±W»M»X«rfT«r i A\ 2 0 - 6 0% 

wftfflftiXfcfrfcvs «v»t 3 0 0 1CJaT«IBifl 
BftfcBfcftBftlXM BH±fi*vN 
1 0 0 T>/HrB±^>a*r 3 5 0 - 5 5 0 
H*?MfcftftWfcfffr*£l:Ci 0. ftp*' 

5 oo*a±**>*im*B*t *. 
wW#ir«:*:Btifc, ( i )g)F?**>*SAS*) 

«*ftc J: taSftBtnffjtJi i P(2 )Affift 
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Al-Cu*. Al-Mgfc, Al-Mg-Si*. 
Al~Zo-Mg*<7)7*; -'J'A^tMt, 
4 0 0 - 5 5 0 CAflJKTl«Bftft«B«ff«rw>. 

3 0 0 - 5 5 0 ^jBXT«RftftA3i 
tfrfcfcS *w»*. 3 0 0 - 5 5 0 TC 
88E£lfcft, 3 5 0 - 5 5 OlCnfflJKfcJswT 
l«B«^tt2aiBwflU!l«»t1f4vN 3 0'C 

3 0««J:tf>ftflBfiE£*ff* o **v»|i 2 0- 

6 0«^>»«jBE|t^ff«rofcttC, 3 0 0TCBT 
flft?Slfcftfttth#fl8EE££ 1 HSlifffto* 



»(3Bgefl-2512G0(2) 
*«t**>«KCJ: 9Mttttt<t*. mi 
Cr,Mg,AI,„ ZrAI,««ftBl3»ttS«&r 

fcc*9. «ati«iii*:fttiimt&wtcj:o 

iefSi^**tt«BItii tti 9 AU* 
«I*ftKti:iL Afls*iMXfc 

e»B+**Ki:*>»ci*, 

K= f(a)^TT (l ) 

f(a) ; 4fli*«iM;aitt??t*»«H?' 
flB«*'*>9* *UU 9AflJ**>1M;C**S 
<* fro, 'l4-(l»B«*&XhlZj:9« Affitt 

iBttflf *fl_b$**:: ***** t»«ri*. « 
SSH fc t -c tefl L r v> < ±r<o#»»ttoifii J:* 
Bf*r#&. 
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SET1*> 10-4 0#*>ETf TE&fclfcLfc 
ail, 2<nE&#ACttlSfc#fP|l;:«9<oET 
1?EBU »BE»*fc:tt*nEBie<f"fc* 
SETS*) 1 0 - 4 0%<7)ETlrmrEEg^|S) 
fctt I B ft # A tE £ t h lg * (t Ho t i r 1 1 

*B«fc**«Btt7*$ =9A£*«B*« 
ttCwTKTWBtKWt*. 

*1\ *»Wfc«*BBtt7** = 9A***> 
Ba*i6tfe<t&B*aftt^lDltow^-cKw 

Al-Cufc, A I - Mgjfc, Al-Mg-Sifc, 
A I - Zi-Mff»^i»e^»«*»i3 J: p*#a 

±8S t^JSHft a J: i/ttffltoxtt £ fl± * 

4 0 0 - 5 5 O'C.n&mzto^XftfrKBZ 
BJMHfcftfe«*lrfirvN Bv»t, 3 0 0 - 
5 5 0ta&K?ftBEK*1r*??jffe*>fij|[ 
ifftiXL Bv«BftBBiiBB7 7'r^-Ba 
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tttltftmtML&fitZn* Me, Cu$<7)tf^ 

ET1«1 0-40%<oEK*£«U 
x?r*BlclT»9*>ffTt* ^DXE^t-fT 

»fcJ:(/Mn % Cr, Zr s V « ±# t I 

mmmvi*z <a*L-cv»fc 

fita^EMfll OXSM?ftafflft*>MHk « 
-#Kftfc»**">«r<. ifc, 4 0 #£8*.* 
EK*K*flEa*fifcfcH'4Eafc * * lib* 

KSETtlil O-40*fct&. 
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2 0<»MMXft£$H>-t, ftlBaln&ft&c 

Cr,Mg,AI,„ ZrAliftMFttt*. 

M«rr fcfcit/EfflZo, Mb, Cu^tAli: 

&<r>ftt$m t» 3 0 1/ H P t g < ft o 1 t i < v 
H£*'iO##i:*»K fro, HHR&XtCi* 

«fitt*<4* § *i«gtt#t/<7>*: ft » i t, 
n*. 

wtt2aftiaftftftn»SaKM:3 0 t/Hr 

9ixU»-««fi, ft<»MDir«ft 
* f »A*n*< «f 0 % fro x Mn, Cr, Zr<7>tf 



HM60- 251260 C3) 

-*>»IBE*lfcfc:3 5 0-5 5 Or^fiffir 
0.5-2 0Hr<7)JjnjftK#*ltfr^ 1 00'C 

ftattiftiupct.o, 4 o o - 5 s o-cn&m? 

1 Osec- 1 OninMfriroTfc J: <, ^afclftft 
ftlwiQZn, Mr, cutzamzti, « 
V2f«>Miu Cr, ZrStiAltfcRfflfl;***) 
MnA Cr,Mg,AI,„ ZrA U$*fftfJt *. 
i«l 8toftftfr«fl*»«**M 0 Ot/Hr 

MMmt2a??rfc?lft*» *1\ 
4 5 0 - 5 5 0 0.5 ~j o Hr<7)ft 1 

BAMMt»-tft*v> % ftv*?ft2Ba]nftCm 

ffl**Vlfrl*U 3 5 0 - 4 5 0TC*>Btt? * % 
0.5-50 Hrtf>» 2 ■njMMJItftfr". 
3 0TC/Hria±^»9a*T*»t*. r*>Jn 
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*«C < * t 3 0 JfULfcfMfrBBEEfcff 

*7*>?*>**\ 3 0#*»fltoX$?fifc*M8 

*fc\ 2 0~6 0*a»MKKfc£ftC|t< 
3 0 0 t GlT*Satt1tftlt J: t 1 HBLkff * i 

tfi£#B!E}£i<o 10-4 0#<r>tf ffl ? 
Kltrl 0-40%ht£^ii, M;dxE« 

-*>«H*3I *«ft»*0. 5 TilTi(itt«^ 
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MnAU, Cr»Mg,AI,., 2 r A I ,%<r>ft&to<r> 
* fr* * *«» 1 4 i ± * 0 1£fttf>8f!j * 

* * a r 4 1 camm hti%^. 
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Ca l«tXGlT« Mn 0.5-1. 5«t$f, 
Cr 0.05~0.5nl%* Zr 0.05~0.5at# % V 
0.05~0.5i.t#, Ti 0A5»i%&T<n*irhi&A, 
*M**fcli2llEU:***U BftAlfclCr* 

Al-Zn-Mg*7^ $ -9 Zn 

U Cu 3-t%HT, Mn 0.05~2.0»t#, Cr 
0.05~0.5»t% N Zr 0.05~0.5wt%, V 0.05- 
0.5«t%v Ti 0J5»t%<O**f>a§X.*MfI*fc 
»2atLh***U BBAIfcitfTII*** 
*7* i -?a£&?>>*. 

ftlt*^'0.I5«t«filTC»«lt4. 
■[* » «1 

^»Wc«iJB!8tt7^; -n^e^ 

* « ffl 
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KiSflttCfe^-CW** 4 4 7 t - •> A^ftir 

AI-Cu*7'M -9A**Ji, Cu2~lvt% 
tm&frtl-Cttl. Mg 2.5«t&WT> Si 
2«t%iaT, Mn 0.05-2.0-t#, Cr 0.05-0.5 
NtX* Zr 0.05-0.5«l%, V 0.05-0.5«t&> 
Ti 0.15wt%«^^*^SA^l «*fcJi2« 
B±t**U »»AI*5j:t/T^*^fc^i7 

AI-Mg*7*S Mg 2-7.1% 

L?#£U Mn 0.05-1. 5«t#, 
Cr 0.05~0.5«t&. V 0.05-0.5»t#, Ti 
0J5«t%fclT*>+*fe8^ ti 1 ft* fcli 2 ftBLk 
£*#U H»AI*jj:t/^«»^fe447^5 

At-Mg-Si*7>M -*A£fcfi, Mg 
0.5-2.0»t# % Si O,3-5.O«t#*0£ift#* L 
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afc<7)DC*&£££J: 0*1 »C*tlt*ftft 
Al-Cu&, AI-Mb*. Al-Mg-Si^, Al 
-2n-Mg*f>7*$ - 

4 0 0m)*ML *^»*2£l;:*TIfS<K 

***gl.5j£Wi2.5 0 fltf|**K£U * 

MB**I»U*IIWi*2*i::StJ: * fc, 
*»^^ft4flffitt7/w$ 
CJ:4«»^ ?bxEK*3l*L*^»»*:lb 
• IT, «S«MIW#B0~1 5%«±(S]±t4 
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(1) ®®$<r>%m<n3;imtjt&9Rff>m 

(1 )««*»! 2 JU OtfrtfTi 0.15«t# 
mtJi-rTi 0.15»t#«TJi:»jEt4. 
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